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REVISIONS

Tablel: Revision History

Version Author Revisions

1.0.0 ICF Initial MADIET est Case JSOI
Guide

1.1.0 ICF Added description and

instruction fa use of theQF
Corev.1.1 Test Case
Template andest caseQF
Corev4.1.1 Example Bundle
version 2

1.2.0 ICF Addd instructions for
inclusion of meta.profile in
bundle resourcesising A
Core profiles

INTRODUCTION TO JAVASCRIPT OBJECT NOTATION (JSON)

JavaScript Object Notation (JSD&la lightweight, ext-based language for the purpose of
storage, representatioand exchange of structured data within and between applications.
Because JSON is simple to read, compact and is supportive of commonlyatségbes and
can support hierarchical structuresSON has become a standard for representing and
exchanging datan web-based applications and APIs. It is also a supported stdrfda

representing FHIR data and metadata.

ABOUT MADIE TEST CASES

Measure Aithoring Development Integrated EnvironmeMADIB test cases are constructed
usingJSONor representing measureand test case bundlekn MADiEbundles are JSOiNes,
each representing a measure test case, typically for a populationingéé measue such as
Initial Population, Denominator and Nunagor with criteria br meeting succes®r failure. For

exampe, an Initial Patient resource may contain patient and encounter data or a procedure.
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Test case bundlesan be created directly within the MABtooling environmenivhich offers a
window to pase JSON and validate and includes \alah errors and highligting ofthe code

segment that fails validation.

At this timeall synthetic test cases must be constructed in JSON. The JSON test cabes may
constructed within the MADIE application, or thenay be constructed in aexternal editor and
pasted into theMADIE JSON pané&When test cases are developed externaitys

recommended that use of an editing tool supporting JSON validation is eathldON test
cases in MADIE must be syntacticaltyrect and must be mappezbrrectly to QiCore profiles

to support the data model and correctly meet the intent of the measure. MADIE offers
functionality to assist the developer in identifying JSOMmrwith additional features to help

evaluate test ase alignment with measuriatent.

JSONSYNTAX

JSON structer at simplest form includes paired data identifiers and values separated by tokens
in the form of a name followed by a colon literal and a eakith comma separation within an

object. Forexamp S G FANBR G Y I Y SngYulesiappfyyolJSONgaxK S F2f f 2 ¢

JSON DATATYPES AND RULES

0o JSON is case sensitive

0 Supported data types include string, numbBgolean null, object and array

o Numbers an beintegersor floating point

0 Atthe lowest leveof granularity data is specifieds name and value pairs
SSLI N GSR 68 | O2t2y aYé aevyoztod C2N SEI

o Data elements are separated by commas

o Objects or complex data types agaclosed within curly braces.{}

0 Array data is encked within square brackets.[]

0 Quotdaion marks are used to stound names, data when not numeric or

Boolean
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EXAMPLETHE FHIR PATIENT RESOURCE IN JSON

Below is a snippet from the FHIR v4.0.1 PatiersoRece in JSON format.

{
"resource": {
"resourceType": "Patient"™,
"id": "ipl-pass",
"jdentifier": [
{
"use": "usual",
"type": {
"coding": [
{
"system": "http://terminology.hl7.org/CodeSystem/v2-0203",
"code"™: "MR",
"display": "Medical Record Number"
}
1
}I’
"system": "http://hospital.smarthealthit.org",
"yalue": "999959995911"
}
] r
"name": [
{
"family": "Pass", I
"given": [
"John"
1
}
] r
"gender": "male",
"birthDate": "1964-06-30"
}
}

Figurel: FHIR Patient Reswce

The JSON file contains a single patient.

Pairing names are always quotadd commas & used to delineate data elementgnless the

value is numeric oBoolean the pairing value is also quoted. Tterdinality of the element will

determine if it neels tobe enclosed in square brackets indicative of array values, or elements

which can havenore than one value. Complex datatype elements will be enclosed in curly

braces.

COMPLEX DATATYPES AND ARRAYS

Using theHL7 FHIR Resoursiucture definition forthe Patient resource the cardindity and

complexity of each object can be obtainethe datatype is hyperlinked In the HL7 FHIR
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Resource or Prdé structure definiton. Name and Coding aoemplex datatypesin this
example Additionally a given name may have more than one value analse an array as

denoted below with square brackets.

CONSTRUCTING FHIR BUNDLES IN JSON

OVERVIEW

MADIE test casein JSON follow the structure of&R Bundle A bundlas anotherresourcen
FHIRFor simplicity, JSON bundlemybe thought of as means @bmbininga group of
resourcedor the server in dransaction which reducesundtripsto the server ad mitigaes
loss of referential integrityMADIE test file bundles can bleought of as theesources
necessary to execute the test cased meet its intended result$n most cases it wilhclude a
patient resourceand may include encounters, conditignocedues, observationsand other

resources

MADIE test case bundles may be of type®dlil i A 2y 0 @I  az8ahs@dicht { SOGA2Y QO
0@t dzST Q. Sdegfabirliled in KHAR/a@ply to different kinfibundles. For exampléhe

resources irbundles @ type transaction wilhlso contain a FHIR operation such as POST or PUT.

For more informaibn onBundle resources and what rules are applicable to each type of

bundle, refer to the HLBundle resaurce.resource.

STRUCTURE
¢Said OFrasS odzyRf Sa Ydzald O2 tingidleyftifidr whiclbraag beNO S § & L
generated or named for the test cas€he Bundle type may be a collection or a tratism.

This is followed by an array oésourceobjectsneeded for the test case

COLLECTION BUNDLES

The bundle begins with a Resource tyfe o W. dzy Rf S Q dngtppe divaldedalfeRibrS A R
This is followed by an entry array consisting of the tese resources. In this catieere are

two resouces included for patient androcedure Each resource must includeuaique
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identifier paring and &ullUrl pairing The idvalue mus be unique for each resource in the
JSON bundle however it may als® used in reference elements referring to anothesource
of a resourcemay be used in subsequent resource referesweach as an encounter ference

to a patient within the bundle

“resourceType": "Bundle”, | resourceType and id l
"id": "4bSec5£8-a596-4941-bad7-e3e4££7ad%00",

"type": "collection",
"entry": [ begin array of resources [

{ =
l each resource object will be enclosed in {} '
}
] I end array of resources ] l

Figure2: Bundle Structure

When the measure model is @lore the bestpractice is to use QCORE profiles for bundle
resouces to avoid unexpected results. THe7 FHIRICore Implementatn Guide can be

followed for guidance in populating test case resource entries in JSON bundles.

Note: It may be helpful to use a UDJigererator for assignment afd elements within bundles.

Steps to populate resource entries which may be helpful are:

1. Identify data elements needed for your measure

2. Map additional data elements needed for the measure to the corresponding profile
requirement.

3. Reference the QLCore Profiles to determine additiohdata elements necessary as
determined by the element cardinality

4. Note the datatype of the data element on the-Qbre profile structure for noprimitive

data types.

EXAMPLE OF A MEASURRNOMINATOR TEEASE BUNDLE

Consider aSONundlefor a test caseneeting a denominator population for a measure

requiring a patienaged between 18 and 65 and a cataract surgical procedure during the
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measurement year. The JSON bundle will require a patied procedue resourceand will

referencethe QI-Core version 4.1.Profilesfor QlCorePatienand QlCoreProcedure

The JSON can be startetth the collection lundle structure as illustrated in Figure 1 and

replacing the bundle id with anothégUID.

Profile Data elements needed for Data Elementsequired by
measure Profile
QICorePatient birthDate identifier, name, gender

Examining the QlCGePatient profile structure definition note the profilequires thatat least
one identifier data element of dattype Identifier, a complex datatype. It also resi at least
one name of datatype HumanName, also a complex datatypeli@adity mandatesa gender is
also entered. Although it is not requirdxy the profile the measure requirement needs a

birthdate data element.

Enter the patient entry as an objewiithin the collection arrayT hefullUrl andid are each
unique for eaclentry. Notably ths includes the ids of resources which have more than one
instance in the bundle such as two encountévieta is ppulated to reflect the correct @Core
profile beirg used. A medical record number is includedidill the requirement f@ an
identifier of data typeldentifierin the profile stricture definition. Additionally, Name is
included comorming to FHIR data typeéumanNamend gender is added conforming to the

profile definition (datatypecode) and bindirg to AdministrdiveGender Last a birthdate

element is added to the entry objecthe profile for QICorePatient also indicatethedatatype
for birthdate.

The object is closed with a cutlyace}and anadded comma to indicate another entry follows.
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urceType": "Bundle”,
"QICoreExamples-1",

|
"resourceType": "Patient”,
"extension": [
{
"arl": "http://hl7.orq/fhir/us/core/StructureDefinition/us-core-race",
"extension": [

"ombCategory”,
g": {

ring”: "White"

.
"sys rn:0id:2.16.840.1.113883.6.238",
Hispanic or Latino"

marlf: "text",
"valueString": "Hispanic or Latino"

1

1

Figure3: JSONBundle with QICorePatienEntry for DenominatorTest Case

The same steps can be followed to add gecedure with reference to th@ICoreProcedure

profile structure definitionThe denominator requirethat the patient have a cataract
procedure in a VSA@lueset which is completed and is performed during the measurement
period. The procedurevill also need to reference the patient in the first entNote that for Qi

Core, the resource element includasneta entry identifyingthe QtCore profile.

Referencing the QiZeProcedure profile it can be determined that the patient is mapped to
the subject data element referencing the QICorePatienTiie status data element has
required binding fovalue.Performed is a choice tlaelement which can be populated either
performedDateTime or performedPeriod which are FHIR datatypes dateTime and Period

respectively. Code for the procedure is a complatatype of typeCodeableConceg@nd this

datatype must be referenced to construct it correctlyhe completed entry for the cataract

procedure
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Figure4: Completed Procedur®bject

Since this test case bundle neswhly the mtient and procedure the JSON object array can be

closed with a square bracket and the bundliejectis closed witha curly bracket.

EXAMPLE OF A MEASURE DENOMINATOR EXCLSSI@AIE BUNDLE

The measurenay include denominator exclusions. In this exampkelusions includealuesets

of conditionsthat direct the test case into the denominator exclusion population so long as the
condition is active, the code is a member of alesionary valueset for .byhmember and the
onset of the conditiormust predates the denominator procedureAgain, reference tthe

QICore Condition profilés helpful to determinetlie mapping, data types and cardinality.
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"fulllUrl®: "22eleddc—Sace—lled-5915—£2340a01£554c™,
"respurce”: |
"resgurcelype™: "Condition™,
"id": "Condition—2%,
"meta®™: |
"profile™: [
"http:/ hl7.org/ fhir/us/gicore/3tructurelefinition/gicore—condition™

ba
"elinical3tatus™: {
"coding™: [
i
"system”: "http:/ terminology.hl?.org/Codedystem/condition-clinical™,

"code™: "active®

ba
"rerification3tatusT: [
"coding™: [
i
"system”: "http:/ terminology.hl?.org/Codedystem/condition-ver—status”,

"code™: "confirmed®

br
"category™: [
{
"coding®™: [
{
"system™: "http://terminclogy.hl?.org/Codedysten/condition—category™,

"code™: "encounter-diagnosis®,
"display™: "Encounter Diagnosis®™

1.
"meverity™: |
"coding®™: [
{
"system”: "http://=nomed.info/sct",
"code®™: "244B84000%,

"display™: "Severe (severity modifier}”™

Fr
"code™: |
"coding™: [
i
"system”: "http:// hl7.org/fhir/sidficd-10-cm",
"code™: "I25.5",
"display™: "Ischemic cardiomyopathy®™

ba
"subject™: {
"reference”: "Fatient/Patisnt—1"

ba
"onsetDateTime™: "2022-01-02"

Figure5: Adding a QICore ConditioBntry to the Bundle
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TRANSACTIOBUNDLE

Transaction bundles in FHIR are most usefutn specific supporting operations are desired

For transaction bundles the type elemengisS i G 2 W (iAJaddifidnaDelementy/neugh

follow each resource with instruicn to POST/PUT the resource

“"resourceType”: "Bundle",
"id": “tests-ip-pos-CohortEpisodeProcedure-bundle”,
: "transaction”,

"http://local/Procedure”,

ourceType”: "Procedure”,
: "CohortEpisodeProcedure-1",
2 {
"profile”:
"http://hl7.org/fhir/us/qicore/StructureDefinition/qicore-procedure™

}

s
xtension": [

"url”: "http://hl7.org/fhir/us/qicore/StructureDefinition/qicore-recorded”,

"valueDateTime": "2021-084-05T12:35:00.000Z"

}
1

"status": "completed”,

"http://snomed.info/sct"”,
35717002",
/": “"Discission of congenital cataract (procedure)”

: "Discission of congenital cataract (procedure)"”

"subject": {
"reference”: “"Patient/CohortEpisodeProcedure™

s
“performedPeriod”: {
"start": "2022-06-05710:00:00.000Z",
2022-06-05712:00:00.000Z"

Figure6: Snippet of alransaction Bundle

STEPS FOR CREATING A NEW TEST CASE IN MADIE

The following example details the construction oftlIR bundle of type collection to be used in

a MADIEest casdgor a Measure Denominator.

1. Signinto MADIE and select the intended measure to add test cases to with the

View/Edit Control button.

Version 12.0
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V. MADIE ;M‘fd’”"' Authoring Developant Measures Libraries  Help | ® UMLSActive 4
ntegrated Environment

Y EEREES

Welcome, Gail

MY MEASURES ALL MEASURES

Measure Name Model Version Revision Status Actions

TestMeasure05 Qi-Core v4.11 ® Active View/Edit | v

ltemsperpage 10 v  1-10of1 -
Figure 7:MADIE Measures Panel

2. With the intended measure opefor edit, navigate to the Test Cases tab.

i Measure Authoring Development Measures  Libraries  Help @ UMLSActive
N MADIE | e ot

e

aSUTes

TestMeasure05

QI-Core v4.11 1/1/2022 - 1/1/2023

Details CaL Editor Population Criteria Test Cases

Edit Measure H
Information * Indeates required e

I Information

Stoward & Davolopats * Measure Name * eCQM Abbreviated Title Measure Id

TestMeasura05 TestMeasurs05 facbfc18-b2a7-43cf-Be6d-90478868d4f9

Description

Copyright * Measure CQL Library Name Version ID

Disclaimer TestMeasure05 58c00186-3d4a-484a-93fa-48823b5a5105

Rationale CcMS 1d

* Measurement Period - Start Date * Measurement Period - End Date
Sidance’ 01/01/2022 01/01/2023 sl

Clinical Recommendation

Save Delete Measure

Figure8 Measure TesCasesTab Navigates to thePrimary Test CaseWindow

3.¢CKS YIFAY ¢Sad /+asS é6AyR2g oAttt 2LISyod /A0
open the window. Enter the name and a descriptioritdd test case and click the Save

control button.
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Create Test Case X

* Title

DENOM-POS

Description

Positive denominator test case|

Test Case Group

Start typing or select

N

Figure9: Creation of aNew Test Case

4. Note that until JSON is entered and passes validation Status will display as. Invalid

M MADIE Measure Authoring Development Measures Libraries

Help  ® UMLSActive @ Gail v
Integrated Environment

Measures

TestMeasure05

QI-Core v4.1.1 1/1/2022 - 1/1/2023

Details CaL Editor Population Criteria Test Cases

(D Anerror occurred, please fry again. If the error persists, please contact the help desk

R et
Passing Coverage

TITLE

SERIES STATUS

3> IP-POS Invalid Edit
> DENOM-POS Invalid Edit

N

Termsof Use  Privacy Policy  Rules of Behavior

Figurel0: The Satus of the Test Case is Invalightil JSON is Entered
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5. Enterthe test case editoby clicking on the Edit buttoto the right of the status to enter
the test case editor. Note the measure appears in the right window on the screen which

may be usail for guidance. The left pane is a blank editbhis is where you ceenter or

paste yar test case.

Measures  Libraries  Help ~ ® UMLSActive @ Gail v

Measures

TestMeasure05

Ql-Core v411 1/1/2022 - 1/1/2023

Details caL Editor Population Criteria

Measure caL (view Only)  Highlighting  E

's10.3 uoneplieA@l

i

Figurel1l: MADiETest Case Editor
6. When the test case JSON is compleatied the Save button on the bottom right of the
window to savethe changes. Note the Validation Errors icon to the top right of the
measure panefithere are errors, this will be red and will continustil the JSON
contains no errors where it will revetd black and white. At that timghe Status of the

Test Case will no longer be set to Invalid

Version 12.0
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V. MADIE Measure Authoring Development Measures  Libraries  Help o umsactve (@) Gail v
Integrated Environment

Measures

TestMeasure05

Ql-Core v4.11 1/1/2022 - 1/1/2023

Details CQL Editor Population Criteria Test Cases

Details

510113 UOKEPIEA@)

FHIRHelpers

QICoreCommon

Run Test Discard Changes Save

Figurel2: JSONZontains Errors andDoesNot PassValidation
7. Clicking on the Validation Errors icon whiow the JSON errovghich are preventing the
test case from passing validation and need to be corrected. Each error must be
corrected. Once they have click save and if theeerao more errors the Validen icon

will revert to black and white

V. MADIE Measure Authoring Development Measures Libraries Help @ UMLSActive @ Gail v

Integrated Environment

Measures

TestMeasure05
Ql-Core v411 1/1/2022 - 1/1/2023

Details CQL Editor Population Criteria Test Cases

Measure CQL (View Only)  Highlighting  Expected / Ac Ovalidation Errors

bdi-5: ‘must be a resource unless there's a
request or response’ Rule 'must be a
resource unless there's a request of
response’ Failed

TestMeasur

QICore

SHENEIERS The modifier extension
http:/hi7.org/fhir/us/core/StructureDefiniti
on/us-core-race is not allowed to be used at
this point (allowed = e:Patient this element
is {[Bundle.entry, BackboneElement])

QICoreConmon

The modifier extension
http:/hi7.org/fhir/us/core/StructureDefiniti
on/us-core-ethnicity is not allowed to be
used at this point (allowed = e.Patient: this
element is [{Bundle.entry,
BackboneElement])

bdl-5: ‘must be a resource unless there's a

Run Test Discard Changes Save

Figurel3: Validation Error Details Display bydicking the Validation Icon
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8. When the JSON is error free, navigate to the Expected/Actual tab by clickingnesh it a
enter the Expected results for the measure. Tii@h A O] 2y GKS WYwdzy ¢Sai
inthe bottom center of the window.
Note: Population values for the measure may vary depending upon the measuriégsand

population definition and measure groups. TAetual results will be populated adjacent

to the Exyected valuesvhen the Test Case is run.

lighting ~ Expected / Actual

@ Measure Group 1 - Proportion | Procedure

Population Expected Actual

[s10113 Uonepien@)|

Figure 14 MADIE TesCase Expected and Actual Results

9. Repeat Steps 1 tbugh6 to create additional test cases.

EXPORTINGEST CASES FRBOINNIE FHIR

Note: It isimportantto understand that test case exports froBonnieFHIR use base FHIR

resources andequire pdates for QiCore profilesusing theQFCore Implementation Guide

version 4.1.1.A future release of BonnieHIR is planned which will adape Patient resource
in test casegor the QI-Core Patient profile CurrentlyPatientand other test case FHIR
resources neednanualadaptation to QiCore profiles.Test cases left using base FHIR v4.0.1

resourcegnay not meetthe intent of measure

1. Lay into BonnigFHIR f{itps://bonnie-fhir.healthit.gov)).
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2. Locate and open the measure for which test cases are wanted for export

3. Identify the gear icon adjacent to measure on the right side of the screewtke the

control buttons for Imporing and Eporting

[N
=2 MEASURE DETAILS @ & TESTPATIENTS| % |

Figurel5: BonnieFHIRGear Icon

4. Click the Export Control Button once. Files will be savedaoal Download directory.

‘ & IMPORT H & EXPORT ‘ 21 & SEND ‘ﬂ-

Figurel6: BonnieFHIR ExpbControl Button

5. Open the Download Directory with Windows Explorer and Extract trepressed

export to location of choice while makimgpte of location you have extracted.to

B2] )\ sers Downloads\CMS1022v1_10-13-2022.zip - | X
File Edit View Favorites Tools Help

B[ v » = x #

Add |Extract |Test Copy Move Delete Info
¥ ‘E C:\Users Downloads\CMS$1022v1_10-13-2022.zip\
Name Size Packed Si... Modified  Created Accessed Attributes  Encrypted Comment
\j CMS1022v1 json 191 354 191 354 2022-10-... - AF¢
Q ComboPass_CreatAndBicarblab.json 6160 6160 2022-10-... - 7DI
\j Combo2_HematRRO2Sat json 6 107 6 107 2022-10-... - ED:
Q Combo1_WeightSBP_relevantDT json 5959 5959 2022-10-.. - 77t
Q RRFail_GT24beforeAndGT24after_RelevantPeriod.json 5786 5786 2022-10-.. - 87D
[ MultiEncounters_AprilMay. json 5643 5643 2022-10-... - COF
Q HematPass_mult_encounter.json 5 607 5607 2022-10-.. - D5(C
Q RRFail_GT24beforeAndGT24after_RelevantDT.json 5386 5386 2022-10-.. - BD
[ WeightPass_GT24beforeButLT24after.json 5304 5304 2022-10-... - 97¢
Q WBCPass_LT24beforeAndLT2after json 5292 5292 2022-10-.. - DAI
Q Combo1_WeightSBP_relevantPeriod.json 5197 5197 2022-10-.. - 344
[ WeightAndOxy_LTE24before.json 5188 5188 2022-10-... - 87D
Q PotassPass_OnAdmitjson 5004 5004 2022-10-.. - TAB
Q HematFail GT24beforeAndGT24afterjson 4982 4982 2022-10-... - 8AZ
\j SBPFail_GT24beforeAndGT2after json 4978 4978 2022-10-... [ - 583

Figurel7: Downloaded BonnieFHLgon Fles

The exract consists of @SONile for each test caseA larger, fullmeasurebundleis
also extractedCMS1022v1.m in Figire 15; however, it is not needed for impu to
MADIE. Only the test case JSON files aeéulifor the purpose of importing test cas
to MADIE.
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6. Open theJSONile for the test case desired to be added to MADIE in a text editor such
as Notepad+. &led the entire file and copy it to your winaes buffer with the Select

All and Copy to Clipboard (Copy if using Notepad) selectionstine Edit Menu

7. Proceedto the Sectior2 ¥ (1 KA & R2 OdzYSy d W/ N&htfollbwsikpst Sad /
to createand pase the JSON into MADIE

8. Note: When exportig test cases from BonnieFHIR into MA&distments are
required for QiCore. This inclugs but is not limited to adding the meinformation for
the resource to point to the correct €Bore profile. Plese referto the section of this

R20dzYSy i ng#e RIEZHNBFENRTFAES hFFAOALE ' w[ F2NJ !

TIPSFORUSINGQI-CORBPROFILESTRUCTUREBEFINITIONS

This setton will reference theDl Core Implementation Guide Version .4.Wwith focus on the

OlCorePatient profile

When constructing Test Cases in JSON it will be of beéodfegable to understand profile

structure definitions tdoe able to correctly meet the profile requirements.

IDENTIFYING THE-CORE PROFIDEFICIAURLFOR UB IN THE RESOURCE META

The OfficialURLfor the QICore prdile is available here:
http://hl7.org/fhir/us/gicore/StructureDefinition/gicore patient

The URLfor the QFCore profileis needed in thebundle resourceneta.profile element. Each
resource entry will need this inforation added if it is not already included as withdlpatient
resource. The official URL canlbeated on the QCore Implementation Guide in thHe ofile

Section Click on the QCore Profileof interest to open the Profile details.
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http://hl7.org/fhir/us/qicore/STU4.1.1/index.html
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http://hl7.org/fhir/us/qicore/profiles.html
http://hl7.org/fhir/us/qicore/profiles.html
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Figure 18: QI-Core ProfileList

Figure19: Downloaded BonnieFHLRon Fles

Note theofficial URL on the profile details pagehis will be used in the resice meta.profile
entry in thebundle. Note that ach resouce will need the appropriate @ ore profie official

URL.
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